Here, we design and synthesize three new diketopyrrolopyrrole (DPP) derivatives with naphthalene, possessing large-scaled π-delocalized electronic structure, as the flanking groups and both linear (n-decyl and n-dodecyl) and branched (2-hexyldecyl) alkyl chains as substitutions as active layer for high performance organic field-effect transistors (OFETs).
Introduction
Solution-processable organic field-effect transistors (OFET) have been attracting considerable research attention on account of their potential applications as cost-effective components in large-area flexible displays, smart cards, logic circuits, sensors and radio frequency identification (RFID) tags.
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As a solution-processing technique, organic semiconducting materials play a significant role in promoting the advances of OFET.
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Consequently, great efforts in materials design have boosted the OFET mobility values achievable from both semiconducting polymers and small molecules up to near 1 cm 2 V -1 s low mobility in OFET devices, and most high mobility OFET materials were achieved through slight modification of the existing semiconductors with high performance mainly by changing one of the alternative building blocks in polymeric materials or replacing the flexible side chains of workable polymers or small molecules.
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In the field of designing high performance OFET materials, two approaches have been mostly used. As the carrier transport in organic molecular films is intrinsically governed by the extent of intermolecular orbital coupling which determines the charge transfer integral,
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the first promising approach is to develop highly π-extended molecules. 12, [22] [23] [24] As an example, materials based on picene, di(thienothienyl)ethylene (DTTE), or dinaphtho[2,3-b:2',3'-f]thieno [3,2-b] thiophene (DNTT) that all have highly π-conjugated structures have shown high performance in OFET devices with mobility exceeding 1 cm 2 V -1 s -1 .
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Another effective approach is to utilize the self-assembly nature of organic molecules in solid state that in which molecular ordering is strongly influenced by flexible alkyl groups. Thus the self-assembly of materials has been widely studied through side chain engineering from different molecular systems like diketopyrropyrrole (DPP), isoindigo and truxene and this has proved to be a powerful design strategy. 30- 38 In the present work, these two factors are considered with the aim of designing new organic semiconducting materials for OFET devices.
DPP is a well-known, much-utilized and recently widely-studied promising building block for designing new high performance donor-acceptor-based conjugated functional materials structure-property relationship. 
Synthesis and Characterization:
The synthesis of the three small molecules is depicted in Scheme 1. Starting from cyano naphthalene, the most important intermediate (NH-DPPN) was prepared in one step at a yield of more than 60%. This reaction was performed referring to the previously reported procedure used for the synthesis of thiophene flanked DPP monomer. 46 The 
Thermal Properties:
The thermal behaviour of D-DPPN, DD-DPPN and HD-DPPN compounds were investigated by thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC). As shown in Fig. 1 The DSC analysis (Fig. 2) shows that all the DPPN based compounds exhibit crystalline isotropic melting transitions. During heating scans, all three compounds display similar Interestingly, DD-DPPN, functionalized with linear dodecane, exhibits a dual melting transition suggesting there are some isolated microcrystals that can be observed in the polarized microscope images (Fig. 10) while D-DPPN and HD-DPPN show continuous crystalline domains. 58 The characterized crystallinity of these three monomers strongly suggests the possibility to use them directly in OFET devices while the good thermal stability can effectively prevent the degradation of active layer. 
Photophysical Properties:
A summary of the photophysical data for the synthesized compounds is reported in Table 1 .
The normalized UV-Vis absorption spectra of N-alkyl substituted naphthalene DPP molecules obtained from both solutions and spin coated thin films are shown in Fig. 3 and summarized in Table 1 . As expected, the three spectra are virtually identical and exhibit two absorption bands independently of the nature of the alkyl chain substituents. According to previous studies, the high energy band in the 270-360 nm region is attributed to π-π* electronic transitions and the lower energy band in the 400-560 nm region originates from intramolecular charge transfer (ICT) transitions. In solution, the vibronic structure is not welldefined in the ICT absorption band that is ascribed to the large torsion between naphthalene and DPP which causes poor co-planarity and thus lower conjugation. For the thiophene and furan analogues that both have less than 2 o dihedral angle, the 0-0 and 0-1 vibronic transitions are much more pronounced while for benzene counterpart that has similar dihedral angle (~   40   o ) with our naphthalene DPP, the vibronic structure is not well-defined neither. 59 Going from solution to thin films, it is noted that all compounds show a red shift for the ICT peak that is due to the formation of J-aggregation.
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What's more, shoulder peaks are observed in 470 -500 nm for all three materials that is from the H-aggregation formed by sliding the intermolecular π-π stacking. 47 From the spectra, we can clearly see that D-DPPN shows almost equal intensity for J and H aggregation while DD-DPPN and HD-DPPN show stronger J aggregation that is disfavoured for the carrier transport because J-type molecular packing are more slipped than H-type aggregation in the π-π stacking direction. 47 The optical band gaps calculated from onset of films absorption are 2.03, 2.03 and 2.27 eV for D-DPPN, DD-DPPN and HD-DPPN, respectively ( Table 1) . Although the large dihedral angels cause less conjugation, the fused naphthalene groups extend the conjugated length that broaden the absorption and thus naphthalene DPP shows relatively smaller band gaps than its thiophene (2.18 eV) furan (2.23 eV) and benzene (2.39 eV) DPP analogues with butyl alkyl side chain.
Fig. 4 Emission spectra of D-DPPN, DD-DPPN and HD-DPPN.
The emission profiles of these three compounds, measured from degassed dichloromethane solutions and thin films with excitation at 330 nm, are reported in Fig. 4 . In solution, the slightly structured emission profiles do not appear to be dependent from the excitation wavelength, therefore the emission is ascribed to spin-allowed radiative decay from the singlet 1 ICT excited state. This is also supported by the relatively fast and oxygen independent excited state lifetime decay with value around 6.5 ns (Table 1) 
PESA and DFT Calculations:
The electronic structure of molecules not only plays an important role for charge injection and transport in organic semiconductors, but also is crucial for environmental stability. In terms of OFET devices, the voltage applied to the gate will shift up or down the energy levels of semiconductors with respect to the Fermi level (E F ) of the metal (gold or aluminium contacts) and thereby modulate the conductivity of the channel. Table 2 . values may result from both the varied molecular stacking as discussed below based on thin film grazing incidence X-ray diffraction (GIXRD) and based on thin film nanotopography as discussed below using atomic force microscopy (AFM) and polarized microscope image. To find the charge transport behaviour difference between naphthalene and thiophene flanked DPP, we fabricated transistor based on thiophene DPP monomer with a branched butyloctyl alkyl chain, unfortunately, the device didn't work using the same conditions so we didn't explore further and didn't synthesize other alkylated thiophene flanked DPP monomers.
According to our current results, the shorter the side chain, the higher the hole moblility. As Experimental uncertainties are estimated to be ±8% for lifetime determinations, ±20 % for quantum yields, ±2 nm and ±5 nm for absorption and emission peaks.
Powder XRD (X-ray Diffraction) Analysis: The samples were dried overnight in an oven at 57 mmol), potassium tert-butoxide (577 mg, 5.14 mmol) were suspended in anhydrous N,N-dimethylformamide (28 mL) with argon protection.
The mixture was stirred for 1 h at room temperature and then heated to 60 o C, a solution of ndodecyl bromide (3.8 g, 15.42 mmol) in N,N-dimethylformamide (6 mL) was added dropwise over 1 h. After stirring for 20 h, the reaction mixture was filtered and the organic layer was diluted with 50 mL of ethyl acetate and washed with water and brine several times.
The organic phase was then dried over sodium sulfate and concentrated to obtain crude product which was purified by column chromatography on silica gel using hexane: ethyl acetate = 10:1 as eluent and then recrystallization in methanol to obtain red solid DD-DPPN (460 mg, 25% was added dropwise over 1 h. After stirring for 20 h, the reaction mixture was filtered and the organic layer was diluted with 50 mL of ethyl acetate and washed with water and brine several times. The organic phase was then dried over sodium sulfate and concentrated to obtain crude product which was purified by column chromatography on silica gel using hexane: ethyl acetate = 10:1 as eluent and then recrystallization in methanol to obtain orange solid HD-DPPN (370 mg, 18% 
